Introduction {#S1}
============

Copy number variation (CNV) is a frequent form of variation throughout the human genome. Over the last few years much research has been carried out to show the significant contribution of CNV to the variation observed between individuals and their influence upon disease susceptibility.

Whilst copy number variation has been shown to contribute to the heritable variation in human gene expression^[@R1]^, the full functional impact of CNVs is not completely recognized. At a genome-wide level copy number variation can directly alter the expression level of genes within the copy variable region^[@R1];\ [@R2]^. However, there is less progress in understanding the functional consequences of specific copy variable loci, particularly those CNVs that are multi-allelic.

The *CCL3L1*/*CCL4L1* copy variable region is located on chromosome 17q12^[@R3]^, and extends over 90kb. Each repeat unit contains a single copy of *CCL3L1* and *CCL4L1* and is flanked by the gene *TBC1D3*. The repeat region is situated adjacent to two very closely related, and commonly copy invariant genes *CCL3* and *CCL4*, and is thought to have evolved by duplication of the invariant *CCL3* and *CCL4* region and successive divergence^[@R4]^. Consequently, members of each paralogous pair exhibit a high degree (96%) of nucleotide and protein similarity, with *CCL3* and *CCL3L1* being identical at 67/70 residues in the mature protein and 747/780 sites in the coding sequence, and *CCL4* and *CCL4L1* being identical at 68/69 resides in the mature protein and 644/667 sites in the coding sequence.

The genes *CCL3* and *CCL3L1* encode macrophage inflammatory protein (MIP)-1α, isoforms LD78α and LD78β respectively. MIP-1α is a low molecular weight β-chemokine. The chemokine acts as a pro-inflammatory cytokine, inducing a wide variety of immune cells, particularly CD8^+^ T cells and immature dendritic cells, and being inhibited by IL-4, IL-10 and IL-13^[@R5];\ [@R6]^. It is secreted from most mature leucocytes, predominantly macrophages, in response to stimulus, and functions by attracting lymphocytes and macrophages to sites of infection and inflammation, with the isoform LD78β being 2-fold more efficient at chemoattracting human monocytes and lymphocytes than the LD78α isoform^[@R7]^. For this reason copy number variation of *CCL3L1* has the potential to influence both immunological disorders and auto-immunity.

Furthermore MIP-1α is a natural ligand for CCR5, the co-receptor used by HIV-1 virus for cell entry^[@R8];\ [@R9]^. The isoform LD78β has been shown to be the most potent agonist for CCR5^[@R7]^, with a superior antiviral activity^[@R10]^ and a 10-fold higher EC~50~ in inhibiting viral replication than LD78α^[@R7]^. Copy number variation of *CCL3L1* has thus been suggested to limit HIV-1 entry into cells^[@R11]^, and is implicated in HIV-1 progression^[@R10];\ [@R12]-[@R18]^, although this is disputed^[@R19]-[@R22]^.

The aim of the study was to explore the functional consequences of the multi-allelic copy variable gene *CCL3L1*. Expression of both *CCL3* and *CCL3L1* mRNA was measured and compared and also the variation in expression level in relation to the diploid copy number was assessed. Additionally, the variation of MIP-1α protein levels relative to copy number was investigated.

Results {#S2}
=======

Variation in copy number {#S3}
------------------------

Copy number measurement of *CCL3L1* by PRT was performed on all 55 independent UK samples. The 3 independent PRT systems assigned concordant copy numbers for 51/55 samples (to within 0.5 of the integer value for 75% of samples and to within 0.75 for 93%). The 4 samples that showed some discordance were typed with the two microsatellite assays which allowed confident integer copy number calling^[@R23]^. The calibrated unrounded copy number distribution is shown in [figure 1](#F1){ref-type="fig"} and shows that the samples all cluster around the predicted integer with discernable gaps. Variation in *CCL3L1* copy number between 0-3 was observed (see [table I](#T1){ref-type="table"}), with a copy number of 2 being the most common. As the three different PRT measurement systems show a high level of agreement in all samples typed this provides no evidence for differences in the copy number between *CCL3L1* and *CCL4L1,* nor of copy number variation in the reference genes *CCL3* and *CCL4*.

Correlation of copy number with protein production {#S4}
--------------------------------------------------

In order to deduce a suitable time point to measure protein expression, monocytes were isolated from an initial cohort of 7 individuals, and supernatants collected at 2, 4, 8, 24 and 48 hours post LPS stimulation. Protein was measured by ELISA, with a lower detection limit of 0.1ng/ml, and despite a single outlier sample, the time course shows an initial increase in protein production over the first 4 hours, which levelled off by 8 hours and then declined gradually for all copy numbers (see [supplementary figure 1](#SD1){ref-type="supplementary-material"}). There was no detectable protein expression from the unstimulated cells. This is as expected as MIP-1α is not constitutively expressed but is induced upon stimulation. For measurement of protein levels all cell supernatants were subsequently harvested 4 hours post stimulation and MIP-1α production from macrophages was measured in triplicate for all samples.

There is a high level of sequence similarity between the two isoforms of MIP-1α that are encoded by *CCL3* and *CCL3L1*, and we are not aware of any commercially available antibodies that can reliably distinguish between them. As our dataset contained one individual who had a copy number of zero (zero copy individuals make up approximately 2% of the UK population) we were able to measure the specificity of a number of commercial antibodies (both monoclonal and polyclonal) (AbCam, Cambridge, UK; R&D systems, Abingdon, UK; Lifespan Biosciences, Seattle, WA) for the LD78α isoform. There were no antibodies tested that were completely specific to LD78β and thus all available antibodies measured both MIP-1α isoforms. Therefore the ELISA results presented in [figure 2](#F2){ref-type="fig"} are for total MIP-1α expression, as with other previously published reports that also only measure total MIP-1α expression^[@R24]^. [Figure 2](#F2){ref-type="fig"} shows MIP-1α expression grouped by gene copy number, together with the stratified means. Whilst a *CCL3L1* copy number of 3 has a greater spread of expression variability (S.D.=10.93), there was no significant difference in mean MIP-1α expression level between copy numbers. There was, however suggestive evidence for a weak correlation of MIP-1α expression and copy number (r=0.2707; p=0.0309).

Furthermore, considering that the zero copy sample corresponds to *CCL3*-encoded protein expression only, at least for this individual it shows the background level of expression of the copy constant *CCL3* protein, LD78α, against which other samples can be compared. Therefore, in comparing the MIP-1α expression level for all copy number samples to that of the zero copy samples, the data actually suggests that the majority of the expressed MIP-1α protein is composed of the LD78α isoform. Additionally, within all 3 classes of copy number, at least some individuals have a level of expression for total MIP-1α less than that observed with the zero copy sample, suggesting that the expression of LD78α is also variable.

The sandwich ELISA was used to measure MIP-1α expression in sera at the time of extraction. There was no protein detected in any of the samples, with a lower detection limit of 0.1ng/ml.

To look at the variation in protein expression within each individual 10 volunteers from the 55 agreed to be re-tested. These 10 repeat samples comprise 4 one-copy individuals, 3 two-copy individuals and 3 three-copy individuals. A comparison of the original MIP-1α expression and the expression in the repeat samples is shown in [supplementary figure 2a](#SD2){ref-type="supplementary-material"}. The data show a single individual, sample F, to have a very high MIP-1α expression in the original experiment. However, for this individual there was also evidence for MIP-1α expression in the unstimulated cells, potentially due to clinical symptoms, although not symptomatic at the time of blood extraction. For this individual only the repeat sample data has been used in the further analysis. It should be noted that sample F was the only one that had any protein expression in the unstimulated cells. Analysis of repeat measures found that neither of the within subjects factors (time and measurement) were significant for measurement of MIP-1α expression.

Correlation of copy number with mRNA transcript {#S5}
-----------------------------------------------

One major advantage of investigating mRNA transcripts is that it is possible to differentiate between the transcripts of *CCL3* and *CCL3L1* by use of sequence-specific primers. Again a time trial was performed on an initial 7 samples with total RNA being isolated from the lysed macrophages 2, 4, 8, 24 and 48 hours post stimulation with LPS, and subsequent measurement of *CCL3L1* by real time PCR. There was an initial high expression of *CCL3L1* specific mRNA at 2 hours post stimulation that declined sharply over time ([supplementary figure 1b](#SD1){ref-type="supplementary-material"}). Consequently all RNA was collected 2 hours post stimulation. Without stimulation there was no detectable mRNA production for either *CCL3* or *CCL3L1*. It is also interesting to note that the one-copy sample that had elevated MIP-1α protein expression in the time trial ([supplementary figure 1](#SD1){ref-type="supplementary-material"}), does not have elevated *CCL3L1* mRNA expression. Thus the high MIP-1α expression observed is potentially due to an increased expression of *CCL3* mRNA, and indeed observations of *CCL3* mRNA expression for these same samples show this particular sample to have a greater than expected level of expression for *CCL3* (mean RQ for all 7 samples = 1.34; RQ for this sample = 2.14). Whilst this may suggest that genetic variation may play role through the presence of a promoter polymorphism or enhancer element, targeted upstream sequence analysis did not find any variants (data not shown).

As sequence-specific primers can be designed real-time PCR can be used to measure both *CCL3* and *CCL3L1* mRNA transcripts individually. [Figure 3](#F3){ref-type="fig"} shows mRNA expression for both *CCL3* and *CCL3L1* grouped by copy number with stratified means. Perhaps as expected, the *CCL3* mRNA expression shows similar clusters of data for each copy number group and no evidence for a correlation (r=0.052) For each copy number the clusters of data show a spread of expression, levels of between 0 and 5 fold greater expression relative to GAPDH, suggesting that the inherent expression of *CCL3* is variable. The data for the *CCL3L1* specific transcripts show a statistically significant correlation of expression with copy number (r=0.633; p\<0.0001), suggesting *CCL3L1* mRNA transcript level increases with higher copy numbers. This also suggests the potential for post-transcriptional regulation of MIP-1α as the correlation with copy number is not preserved in the protein.

The ratio of *CCL3L1*:*CCL3* mRNA transcript was measured using PRT for all samples at 2 hours post stimulation (see [figure 4](#F4){ref-type="fig"}). The data show a statistically significant correlation (r=0.877, p=0.0001) between copy number and *CCL3L1*:*CCL3* mRNA ratio, with clear clusters for each copy number. Additionally, the *CCL3L1*:*CCL3* ratio data would suggest that there is a greater proportion of *CCL3* mRNA transcript than *CCL3L1*; as the *CCL3L1*:*CCL3* ratio would be predicted to approximate 1 for the 2-copy samples as equal quantities of transcripts would be expected but the data actually give a mean ratio of 0.34. The mean ratio of the one-copy samples is 0.18, and for the three-copy samples is 0.52, altogether suggesting that there are approximately 2-3 times more *CCL3* transcripts than *CCL3L1*, for all copy numbers of *CCL3L1* at 2 hours post stimulation.

Furthermore, the ratio of *CCL3L1*:*CCL3* was measured by PRT for the 7 time trial samples (see [figure 5](#F5){ref-type="fig"}). The time trial data give evidence for a drop in the ratio of *CCL3L1*:*CCL3* for these samples over the first 12 hours, followed by a relative plateauing of the ratio. Such a drop in the ratio would suggest that the decay rate of the transcripts of *CCL3* and *CCL3L1* is not equal. The ratio measurements would suggest that it is the decay of *CCL3L1* that is faster than that for *CCL3*, suggesting that over time the *CCL3* transcripts can predominate. If we assume that the relative mRNA levels are preserved at the protein level, then as the *CCL3* mRNA transcripts predominate, it is most likely that the vast majority of MIP-1α expressed is of the isoform LD78α ([figure 6](#F6){ref-type="fig"}), corroborating our observations with MIP-1α protein. Confirmation by a specific antibody is required, however.

We also observed two samples with elevated mRNA expression for both *CCL3* and *CCL3L1*, one for a one-copy samples and the other for a three-copy sample. However both had a *CCL3*:*CCL3L1* ratio that was within range for the copy number. This could suggest that a potentially shared enhancer or promoter element causes raised expression of both *CCL3* and *CCL3L1*. Further sequence work may identify some variant at the nucleotide level that could influence expression of both mRNAs in these samples.

To look at the consistency of mRNA expression within each individual the 10 repeat samples were evaluated. A comparison of the original *CCL3L1* mRNA expression and the expression in the repeat samples is shown in [supplementary figure 2b](#SD2){ref-type="supplementary-material"}. The repeat measure analysis found that neither of the within subjects factors (time and measurement) were significant for the measurement of *CCL3L1* mRNA expression, thought there is some disparity for the 3 three copy samples (H, I, J). However, comparing this data with the ratio data for the repeat samples ([supplementary figure 2c](#SD2){ref-type="supplementary-material"}), it can be seen that the ratio data do not differ significantly within individuals, and thus the disparity observed in the *CCL3L1* mRNA expression for the higher copies is mirrored in the *CCL3* expression also.

Discussion {#S6}
==========

In this study we sought to explore the functional consequences of copy number variation at *CCL3L1* through analysis of variation in expression of *CCL3L1* mRNA and protein. We found no significant association between copy number and MIP-1α protein expression. Whilst the data presented here are characteristic of a European population, with a narrow range and mean copy number of 2, a population with a higher mean copy number, for example Africans, may be useful to explore protein expression of higher copy numbers. Furthermore as our study suggests that the majority of MIP-1α products are of the isoform LD78α, then it is possible that any significant association between copy number and LD78β expression is being masked by the higher levels of LD78α. However, until a specific antibody can be developed this cannot be proven.

The mature proteins, LB78α and LD78β, differ at only 3 amino acids situated at position 3, 39 and 47. The dispersed distribution of these amino acid substitutions throughout the mature protein does potentially make the generation of a specific antibody to one or other of the isoforms more difficult, though these sites are not evolutionary conserved. Nevertheless the substitution of a serine by proline at position 3 could alter the protein configuration and thus theoretically support the generation of a specific monoclonal antibody.

To the best of our knowledge this is the first study to directly quantify both *CCL3* and *CCL3L1* mRNA transcripts separately. Whilst the ratio of *CCL3L1*:*CCL3* significantly correlates with copy number, the quantity of the individual mRNA transcripts is not equal, with *CCL3* mRNA transcripts predominating. As the protein data also suggest that the *CCL3* isoform LD78α predominates, this observation with mRNA is potentially preserved in the protein.

The predominance of LD78α is interesting as it suggests that the variation observed with *CCL3* is potentially more consequential biologically than the *CCL3L1* copy number variation. Indeed, functionally, whilst LD78β is a more potent agonist than LD78α, LD78α nevertheless has agonist activity, and therefore, even if less potent it can outnumber LD78β 3 to 1. Whilst a prior study has established that LD78β is two-fold more chemoattractive than LD78α^[@R7]^, if the expression of LD78β in a two-copy individual is only 15% of the total MIP-1α expression, then the LD78α isoform will still account for most biological activity. It is thus possible that the variation in expression observed for *CCL3* is as likely to influence susceptibility to infectious disease and HIV progression as the copy number variation of LD78β.

Our data does not support a previous study^[@R24]^ which found a significant association of copy number with MIP-1α expression. However, unfortunately it is not possible to directly compare the data as MIP-1α was collected 4 hours post stimulation in this study, whereas it was collected 48 hours post stimulation previously^[@R24]^, a time point which we observed to be poorly correlated with overall effect (see [supplementary figure 1](#SD1){ref-type="supplementary-material"}). Furthermore, whilst their ELISA system was the same as ours, the prior study did not contain any zero copy samples with which to compare their background levels of *CCL3* encoded protein. Whilst the previous study did not specifically look at the separate mRNA transcripts, the ratio of *CCL3L1*:*CCL3* was assessed and found to be significantly correlated with copy number, which is in agreement with our observations, though we cannot assess whether, like our data, there is a predominance of *CCL3* transcript or not.

There have been a number of studies that have found associations between copy number variation of *CCL3L1* and HIV-1 progression^[@R10];\ [@R13]-[@R16]^: the biological rationale is that there is strong competition between the MIP-1α isoform LD78β and HIV-1 for the receptor CCR5; thus the more LD78β there is, the greater the competition. However there are other studies that dispute this reported association^[@R20];\ [@R21]^, and in particular a series of highly powered studies published recently failed to replicate the association^[@R19];\ [@R22]^, whilst another study demonstrated the problems with the measurement of *CCL3L1* copy number and how this may confound associations with copy number^[@R25]^. As our data suggest that the product of *CCL3L1* is appreciably less abundant than that of *CCL3*, this would call into question the biological premise behind the associations observed between HIV-1 progression and increased *CCL3L1* copy number.

To conclude, in exploring the functional consequences of copy number variation of *CCL3L1* we find no statistically significant association of MIP-1α protein levels with copy number. In contrast we find evidence that it is *CCL3* that predominates at both the protein and mRNA level and therefore variation of *CCL3* expression has potentially more impact biologically than the copy number variation of *CCL3L1*.

Materials and methods {#S7}
=====================

Study population {#S8}
----------------

This study utilises 55 independent volunteers from the University of Nottingham staff and student body, with 10 randomly selected repeat volunteers (see [supplementary figure 2](#SD2){ref-type="supplementary-material"}), and were taken with full consent from individuals and under local ethical approval. All samples were of UK origin with no known clinical phenotype.

Sample preparation {#S9}
------------------

20mL of whole blood was taken from each volunteer at approximately 9.30am (+/-10 minutes), from which sera, genomic DNA and monocytes (a primary source of MIP-1α) were isolated. 2mL of the whole blood was removed and spun down at 13000rpm for 2 minutes to generate 1mL of serum per sample, which was stored at −80°C.

Peripheral blood mononuclear cells were isolated from the remaining 18mL of whole blood via density gradient centrifugation over Ficoll-paque (Sigma, Gillingham, UK). Monocytes were isolated using positive selection by means of CD14 MicroBeads (Miltenyi Biotech, Bergisch Gladbach, Germany), and re-suspended in cell culture media, supplemented with fetal bovine serum, antibiotics and glutamine. Monocytes were transferred into 96-well plates to a concentration of 0.5×10^6^ cells per well and left overnight to mature to macrophages. As only macrophages adhere to the base of the cell culture plate confirmation that all the cells isolated were macrophages was possible. Cells were then either left untreated or stimulated with 10ng/mL of LPS (Sigma); varying LPS concentrations (1μg/mL-10ng/mL) were tested and 10ng/mL was found to be the most appropriate (data not shown).

Genomic DNA was prepared from the remaining mononuclear cells using reagents from Qiagen (Crawley, UK).

Measurement of gene copy number by the paralogue ratio test {#S10}
-----------------------------------------------------------

The copy number of *CCL3L1* was measured from genomic DNA using the paralogue ratio test (PRT) previously described^[@R23];\ [@R26];\ [@R27]^. Briefly, the PRT method is essentially a PCR based assay using a single pair of primers to simultaneously amplify two specific products in a single reaction, one from a single-copy reference locus and the other from a copy variable test locus of interest. The copy number of the test locus is then estimated from the ratio of test to reference PCR products. In this study a single tube triplex assay was performed using three independent PRT assays which span the copy variable region^[@R27]^, with test loci in *CCL3L1* (assay termed CCL3C), *CCL4L1* (assay termed CCL4A) and within a long repeat sequence (assay termed LTR61A) to give three measures of copy number, which are then averaged into a single unrounded copy number value (see [Figure 7](#F7){ref-type="fig"}). Fragment analysis of the test and reference loci were carried out by electrophoresis on an ABI3100 36 cm capillary using POP-4 polymer with an injection time of 30s. Products from the single PCR reactions were mixed with 10μl HiDi formamide with ROX-500 marker (Applied Biosystems, Warrington, UK). GeneMapper software (Applied Biosystems) was used to extract the peak areas for the three PRT systems and calculate the ratio of test to reference. Copy number values were calculated by calibrating the ratios from each experiment with 4 ECACC HRC-1 samples (<http://www.hpacultures.org.uk/>) of known copy number \[C0075 with a copy number (CN)=1; C0150 with CN=2; C0007 with CN=3; and C0877 with CN=4\], which were included in every experiment in duplicate. All experimental samples were repeated in a separate PCR to confirm copy number value.

For further confirmation of gene copy number two microsatellite PCRs were performed for each sample, as described previously^[@R23]^.

Measurement of MIP-1α protein {#S11}
-----------------------------

The extent of MIP-1α secreted by monocytes post LPS (*S. minnesota*) stimulation and the amount of MIP-1α present in the serum at time of extraction was measured using a sandwich MIP-1α ELISA system (R&D systems), according to manufacturer's instructions. Assays were performed in duplicate on serial dilutions of recombinant MIP-1α LD78β protein of known concentration (R&D systems) to generate a standard curve. Assays were performed in duplicate for each individual sample and measured in triplicate.

Measurement of CCL3 and CCL3L1 mRNA transcripts {#S12}
-----------------------------------------------

Total mRNA was prepared from lysed LPS-stimulated macrophages using a mini-prep (Qiagen) kit and reverse-transcription performed. RNA preparation was performed in duplicate for each individual sample.

Real time PCR was performed using SYBR green chemistry on an ABI7500 machine (Applied Biosystems) and the well established relative quantification ΔΔCt method. Primers (Invitrogen, Paisley, UK) were designed using Primer Express (Applied Biosystems). CCL3 specific mRNA transcripts were amplified using a final concentration of 0.1μM CCL3QF (5′-TGG CTC TCT GCA ACC AGT TC-3′) and CCL3QR (5′-CAC TGG CTG CTC GTC TCA AA-3′), CCL3L1 specific mRNA transcripts were amplified using a final concentration of 0.1μM CCL3L1QF (5′-GCT CTC TGC AAC CAG GTC C-3′) and CCL3QR (5′-CAC TGG CTG CTC GTC TCA AA-3′), and the constitutively expressed endogenous control glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene was amplified using a final concentration of 0.1μM GAPDHF (5′-ATC ATC AGC AAT GCC TCC TG-3′) and GAPDHR (5′-AGT CTT CTG GGT GGC AGT GA-3′). Primer concentrations were adjusted to improve yield according to the manufacturer's instructions and all had efficiency greater than 95%. For every individual the mRNA expression level of *CCL3* and *CCL3L1* relative to GAPDH was calculated, Real time PCR assays were performed in triplicate for each individual sample and for all primer pairs.

The ratio of *CCL3L1:CCL3* mRNA was also calculated using a novel cDNA PRT system. For each sample a single PCR was carried out using 5ng cDNA and 0.5U Taq DNA polymerase (NEB, Hitchin, UK) in a buffer with final concentrations of 50mM Tris--HCl pH8.8, 12.5mM ammonium sulphate, 1.4mM magnesium chloride, 7.5mM 2-mercaptoethanol, 125μg/ml BSA and 200μM each dNTP. Products were amplified with 1μM each of primers FAM-labelled CCL3CRNAF (TGC TCG TCT CAA AGT AGT CAG) with CCL3CR (AAT CAT GCA GGT CTC CAC T), for 22 cycles of 95°C for 30 seconds, 55°C for 30 seconds, 70°C for 1 minute followed by a final hold at 70°C for 40 minutes. *CCL3* products were 167bp and *CCL3L1* products were 170bp and can be readily distinguished by fragment analysis carried out by electrophoresis on an ABI3100. Products from the single PCR reactions were mixed with 10μl HiDi formamide with ROX-500 marker (Applied Biosystems), and run on an ABI3100 36cm capillary using POP-4 polymer with an injection time of 10s. GeneMapper software (Applied Biosystems) was used to extract the peak areas for each sample and the ratio was calculated by comparing the peak areas of the specific *CCL3L1* transcript peak to the specific *CCL3* transcript peak. All experimental samples were repeated in a separate PCR to confirm *CCL3L1*:*CCL3* mRNA ratio.

Statistical analysis {#S13}
--------------------

Correlations between groups of copy number data and either protein expression or mRNA expression was assessed using a Spearman correlation in SPSS V16, and figures were drawn with the software GraphPadPrism. Repeat measures were analysed in SPSS using a general linear model with repeated measures, with the within subject factors defined as time and measurement and the between subject factor defined as copy number.

Supplementary Material {#SM}
======================

###### 

Supplementary Figure 1: Time trial graph of MIP-1α protein expression (a) and *CCL3L1* mRNA expression (b) from isolated macrophages post LPS stimulation for 7 initial samples. Means and standard deviations are shown for these samples which comprised 2 one-copy samples (![](ukmss-47215-ig0008.jpg)), 2 two-copy samples (![](ukmss-47215-ig0009.jpg)) and 3 three-copy samples (●). There was no expression detected from the unstimulated cells.

###### 

Supplementary Figure 2: Comparison of MIP-1α expression (a), *CCL3L1* mRNA expression (b) and *CCL3L1*:*CCL3* ratio data (c) in 10 repeat samples, labelled A-J, with the initial expression measurement in black and the repeat in white. Samples A-D are all one-copy, samples E-G are all two-copies and samples H-J are three-copy samples.
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![Distribution histogram of the unrounded *CCL3L1* copy number in 55 unrelated UK samples generated using PRT. The distribution shows a range of 0-3 copies, with peaks centred on the integer values and gaps between clusters.](ukmss-47215-f0001){#F1}

![MIP-1α protein expression levels (ng/mL) classified by integer *CCL3L1* copy number.](ukmss-47215-f0002){#F2}

![mRNA expression of (A) *CCL3* and (B) *CCL3L1* by integer *CCL3L1* copy number. The mRNA expression levels of both *CCL3* and *CCL3L1* were calculated using the ΔΔCt method and mRNA expression of GAPDH as the endogenous control.](ukmss-47215-f0003){#F3}

![Comparison of the ratio of *CCL3L1*:*CCL3* mRNA expression measured by PRT between integer *CCL3L1* copy numbers. The bold black bar represents the mean ratio for each copy number.](ukmss-47215-f0004){#F4}

![Time trial graph of *CCL3L1:CCL3* mRNA expression, measured by PRT, from isolated macrophages post LPS stimulation for 7 initial samples. These samples comprised 2 one-copy samples (![](ukmss-47215-ig0008.jpg)), 2 two-copy samples (![](ukmss-47215-ig0009.jpg)) and 3 three-copy samples (●). There was no expression detected from unstimulated cells.](ukmss-47215-f0005){#F5}

![Graphs for the time trial samples illustrating the proportion of all MIP-1α protein expression that is accounted for by isoform LD78α expression two-copy and three-copy samples, assuming that mRNA levels are preserved in the protein. The area under the curve calculations show that for two copy samples LD78α accounts for 85% of the total expressed protein, and for three copies 67%.](ukmss-47215-f0006){#F6}

![A schematic diagram showing the chromosomal region (17q12) containing the *CCL3L1*/*CCL4L1* copy variable region on a chromosome with 2 copies of this region. The approximate locations of the primers are identified; the CCL3C system has a set of primers that simultaneously amplify sequences in a reference locus (*CCL3*) and a test locus (*CCL3L1*); the CCL4A system has a set of primers that simultaneously amplify sequences in a reference locus (*CCL4*) and a test locus (*CCL4L1*); the LTR61A system has a set of primers that simultaneously amplify sequences in a reference locus (an LTR sequence on chromosome 10) and a test locus (an LTR sequence within the copy variable region). This figure is modified from ^[@R23]^](ukmss-47215-f0007){#F7}

###### 

Integer copy number distribution of the 55 samples

  Copy number   Number of samples
  ------------- -------------------
  0             1
  1             15
  2             26
  3             13
  TOTAL         55
